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(57) ABSTRACT 

A semiconductor memory device employing a BSG circuit 
to thereby improve a sensing speed by additionally securing 
an operational voltage of a sense ampli?er in a loW voltage 
operation. The semiconductor memory device includes a 
sense ampli?er for amplifying memory cell data, a sense 
ampli?er driving unit for driving a pull-up source line and a 
pull-down source line of the sense ampli?er and sequentially 
driving the pull-down source line into a ground voltage and 
a boosted ground voltage in response to a ?rst control signal 
and a second control signal, a sense ampli?er driving control 
unit for generating the ?rst and the second control signals 
and setting a ground voltage driving time of the pull-down 
source line by adjusting timing of the ?rst control signal, and 
a boosted ground voltage generating unit for producing the 
boosted ground voltage. 

12 Claims, 6 Drawing Sheets 

Vss 

120 

Vext 
! 
J 

4r 

"It": 
I 

' CSP 

CSN 

Vbsg 





U.S. Patent May 11,2004 Sheet 2 0f 6 US 6,735,134 B2 

5% AHTOAIOAIOA 2% OIAVATQ 2w OILVAIQA 
om” 

ZQEZEEEQ QOEmE wz_>_mo wm> 



U.S. Patent May 11,2004 Sheet 3 0f 6 US 6,735,134 B2 

FIG. 3 

xt 

elll 
V 

CSP 

Vcell 

SPsA 

CSN 

SVSS SVbso 

Vbsg Vss 

FIG. 4A 

BL BLB 

CSP 

CSN 



U.S. Patent May 11,2004 Sheet 4 0f 6 US 6,735,134 B2 

FIG. 48 

Active Precharge 

FLITILIIFLFLIIT Ti H I | I 
l | I 

--——- l I _I—__—_ 

I I I SAEBI 
i I I 
I I I 
l 

: SVbsq 
—|__ _ 

I I l 
I I 

I 

I SVss 
l l l 
| : l 

I I SPSA 

| i | V 
CSP ' ' ---------- J‘vcem _ 

I (Vcell1-VbsgI/2=—Vce||0 
CSN V I 2 

95 Vbsg 
Vss 

VcelH 

(VcelH —Vbsg)/2 
Vbsg 



U.S. Patent May 11,2004 Sheet 5 0f 6 US 6,735,134 B2 

FIG. 5A 
(PRIOR ART) 
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FIG. 6A 
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SEMICONDUCTOR MEMORY DEVICE AND 
METHOD FOR DRIVING A SENSE 

AMPLIFIER 

FIELD OF THE INVENTION 

The present invention relates to semiconductor memory 
devices and, more particularly, to a technology for improv 
ing latency of a RAS (roW address strobe) signal of a 
semiconductor memory device, such as DRAM, appropriate 
to a loW voltage operation implemented by a BSG (boosted 
sense ground) circuit technology. 

DESCRIPTION OF RELATED ART 

An eXample of the prior art, a semiconductor memory 
device is described in a Japanese patent application of 
laid-open No. Bei 11-87,649, Which Was published on Mar. 
30, 1999 and is assigned to Tokkai. The semiconductor 
memory device of that application includes a memory cell 
array having a plurality of memory cells arrayed in a 
grid-shape at crossing points of a multiplicity of Word lines 
and a plurality of bit lines and sense ampli?ers for ampli 
fying data stored in the memory cells, a decoder for selecting 
an arbitrary cell from the memory cell array and an input/ 
output (I/O) control circuit for performing I/O control 
related to data reading and Writing for the memory cell 
selected by the decoder. In order to sufficiently secure an 
amount of signals of the bit lines, the sense ampli?er 
employs a BSG circuit and the memory cells are formed on 

an $01 (silicon-oxide-insulator) substrate. HoWever, this 
circuit con?guration has severe problems in that, as a supply 
voltage is reduced, the driving voltage of the sense ampli 
?ers decreases in an active mode, so that an operational 
speed may be delayed or the sensing operation may fail. 

Another exemplary circuit con?guration of the prior art 
Will be explained herein beloW. 

Referring to FIGS. 5A and 5B, there are illustrated a 
con?guration of a sense ampli?er driving unit in accordance 
With an eXample of the prior art and a voltage Waveform of 
the sense ampli?er driving unit and a corresponding sense 
ampli?er. 
When the sense ampli?er driving unit is employed, a 

voltage Vcell0 is coupled to a pull-up source line CSP of the 
sense ampli?er in response to a PSA driving signal SPSA and 
a ground voltage Vss is provided to a pull-doWn source line 
CSN of the sense ampli?er in response to a Vss driving 
signal SVSS. That is, in an active mode, a voltage, Vgs, shoWn 
in equation EQ. 1 beloW, is coupled betWeen a gate and a 
source of an NMOS sense ampli?er. 

Vcell0 EQ. l 
Vgs : 2 

Referring to FIGS. 6A and 6B, there are depicted a 
con?guration of a sense ampli?er driving unit in accordance 
With another eXample of the prior art, Which employs a BSG 
technology, and a voltage Waveform of the sense ampli?er 
driving unit and a corresponding sense ampli?er. 

According to the BSG technology, the pull-doWn source 
line CSN of the sense ampli?er is driven by a voltage Vbsg 
higher than the ground voltage Vss. 

Likewise, When employing the sense ampli?er driving 
unit, a voltage Vcelll (=Vcell0+Vbsg) is provided to the 
pull-up source line CSP of the sense ampli?er in response to 
the PSA driving signal S PSA and the boosted ground voltage 
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2 
Vbsg is supplied to the pull-doWn source line CSN of the 
sense ampli?er in response to a boosted ground voltage 
Vbsg driving signal Svbsg. Therefore, in an active mode, a 
voltage, Vgs, described in equation EQ. 2 beloW, is provided 
betWeen a gate and a source of an NMOS sense ampli?er. 

EQ. 2 
Vgs 

That is, regardless of employing the BSG circuit, in the 
active mode, the voltage Vgs coupled betWeen the gate and 
the source of the NMOS sense ampli?er has a constant value 
Vcell0/2 and, therefore, it is dif?cult to improve an opera 
tional speed under a loW supply voltage since it is impossible 
to suf?ciently raise the driving voltage of the sense ampli?er. 

Further, since the conventional BSG technology uses the 
voltage Vbsg separately generated inside a chip, a problem in 
stability of the sensing operation may occur due to increased 
noise in the early sensing operation consuming a lot of 
current. 

SUMMARY OF THE INVENTION 

It is, therefore, a primary object of the present invention 
to provide a semiconductor memory device employing a 
BSG circuit for improving its sensing speed by additionally 
securing a driving voltage of a sense ampli?er in a loW 
supply voltage operation. 

Another object of the present invention is to provide a 
semiconductor memory device for enhancing stability of its 
sensing operation by reducing noise generated in the early 
sensing operation of a sense ampli?er. 

Still another object of the present invention is to provide 
a sense ampli?er driving method for use in a semiconductor 
memory device for improving an operational speed and 
operational stability When a loW supply voltage is supplied. 

In accordance With an aspect of the present invention, 
there is provided a semiconductor memory device compris 
ing a sense ampli?er for amplifying memory cell data; a 
sense ampli?er driving unit for driving a pull-up source line 
and a pull-doWn source line of the sense ampli?er and 
sequentially driving the pull-doWn source line CSN into a 
ground voltage and a boosted ground voltage in response to 
a ?rst control signal and a second control signal; a sense 
ampli?er driving control unit for generating the ?rst control 
signal and the second control signal and setting a ground 
voltage driving time of the pull-doWn source line by adjust 
ing timing of the ?rst control signal; and a boosted ground 
voltage generating unit for producing the boosted ground 
voltage. 

In accordance With another aspect of the present 
invention, there is provided a semiconductor memory device 
comprising a sense ampli?er for amplifying memory cell 
data; a sense ampli?er driving means having a ?rst sense 
ampli?er driving line connected to a cell voltage providing 
sector and a second sense ampli?er driving line attached to 
a ground voltage providing sector and a boosted ground 
voltage providing sector in parallel; a sense ampli?er driving 
control means for controlling the cell voltage providing 
sector, the ground voltage providing sector and the boosted 
ground voltage providing sector; and a boosted ground 
voltage generating means for producing a boosted ground 
voltage to thereby provide the boosted ground voltage to the 
sense ampli?er driving means. 

In accordance With still another aspect of the present 
invention, there is provided a method for driving a sense 
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ampli?er including a pull-up source line and a pull-doWn 
source line, Which comprises steps of (a) initially driving the 
pull-up source line to a ground voltage; and (b) driving the 
pull-up source line to a boosted ground voltage after per 
forming the step (a), Wherein the pull-up source line is 
driven by a cell voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the present 
invention Will become apparent from the folloWing descrip 
tion of preferred embodiments given in conjunction With the 
accompanying draWings, in Which: 

FIG. 1 provides a block diagram of a semiconductor 
memory device in accordance With the present invention; 

FIG. 2 is a schematic diagram illustrating an essential part 
of the control unit for controlling a sense ampli?er driving 
unit in the semiconductor memory device in accordance 
With the present invention; 

FIG. 3 shoWs a schematic diagram representing an essen 
tial part of the sense ampli?er driving unit in the semicon 
ductor memory device in accordance With the present inven 
tion; 

FIG. 4A is a schematic diagram of the sense ampli?er of 
the semiconductor memory device in accordance With the 
present invention; 

FIG. 4B describes a timing diagram shoWing active and 
precharge modes of a sense ampli?er in the semiconductor 
memory device in accordance With the present invention; 

FIG. 5A is a schematic of an essential part of a sense 
ampli?er driving unit in accordance With an eXample of the 
prior art; 

FIG. 5B illustrates a voltage Waveform of the sense 
ampli?er driving unit shoWn in FIG. 5A and a corresponding 
sense ampli?er; 

FIG. 6A is a schematic diagram of an essential part of a 
sense ampli?er driving unit in accordance With another 
eXample of the prior art, Which employs a BSG technology; 
and 

FIG. 6B depicts a voltage Waveform of the sense ampli?er 
driving unit shoWn in FIG. 6A and a corresponding sense 
ampli?er. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Hereinafter, With reference to the accompanying 
draWings, a preferred embodiment of the present invention 
Will be explained in detail. 

Referring to FIG. 1, there is provided a block diagram of 
a semiconductor memory device in accordance With the 
present invention. 

The semiconductor memory device includes sense ampli 
?ers (SAs) 110 for amplifying data read out of memory cells, 
SA driving units 120 for driving a pull-up source line CSP 
and a pull-doWn source line CSN of the sense ampli?ers 110 
and selectively providing a ground voltage Vss and a 
boosted ground voltage Vbsg to the pull-doWn source line 
CSN, a SA driving control unit 130 for providing control 
signals to a plurality of ?eld effect transistors (FETs) in the 
SA driving units 120, and a boosted ground voltage Vbsg 
generating unit 140 for producing the boosted ground volt 
age Vbsg to thereby supply the Vbsg to the SA driving units 
120. 

Referring to FIG. 2, there is shoWn a schematic diagram 
illustrating an essential part of the SA driving control unit 
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4 
130 of the semiconductor memory device in accordance 
With the present invention. 

A sense ampli?er enable signal SAEBi inputted to the SA 
driving control unit 130 passes through a buffering sector 
consisting of pluarlity logic elements to thereby generate a 
Vss driving signal SVSS, a Vbsg driving signal SW75g and a 
PMOS sense ampli?er (PSA) driving signal S PSA. The 
buffering sector includes a delay part so as to set a Vss 
driving period. At this time, the delay time of the delay part 
is determined as a time required in driving a voltage level of 
the bit line up to the boosted ground voltage Vbsg and the 
delay part is constructed to include a metal option to make 
the delay time variable. 

Referring to FIG. 3, there is described a schematic dia 
gram representing an essential part of the sense ampli?er 
driving unit 120 of the semiconductor memory device in 
accordance With the present invention. 

When driving the sense ampli?ers 110 shoWn in FIG. 1, 
the SA driving unit 120 supplies a ?rst voltage Vcell to the 
pull-up source line CSP and sequentially provides the pull 
doWn source line CSN With second and third voltages Vss 
and Vbsg With the passage of time. In order to provide the 
?rst voltage to the pull-up source line CSP of the sense 
ampli?er, the pull-up source line CSP and the ?rst voltage 
Vcell are connected to a source and a drain of a PMOS 

transistor, respectively. Moreover, so as to supply the second 
and the third voltages Vss and Vbsg to the pull-doWn source 
line CSN of the sense ampli?ers 110, drains of tWo NMOS 
transistors are connected in parallel to the pull-doWn source 
line CSN of the sense ampli?ers 110 and sources of the tWo 
NMOS transistors are attached to the second voltage Vss and 
the third voltage Vbsg, respectively. 

MeanWhile, the ?rst voltage Vcell provided to the pull-up 
source line CSP of the sense ampli?ers 110 represents a high 
data level stored in a cell. In general, an internal supply 
voltage can be used as the ?rst voltage Vcell but an eXternal 
supply voltage can also be utiliZed. 

Referring to FIGS. 4A and 4B, there are described a 
con?guration of the sense ampli?er and a timing diagram 
shoWing timing of each signal in active and precharge 
operations of the sense ampli?er of the semiconductor 
memory device in accordance With the present invention. 

If the SA enable signal SAEBi is actuated as a “L” state, 
the sense ampli?er is driven by using the ground voltage Vss 
as a driving voltage of the pull-doWn source line CSN of the 
sense ampli?er (I period). Then, after a given time, if a 
voltage difference betWeen bit lines BL and BLB becomes 
large, an operation of driving the ground voltage Vss is 
stopped and the pull-doWn source line CSN of the sense 
ampli?er is driven by the boosted ground voltage Vbsg (II 
period). 

Hereinafter, there is shoWn the voltage Vgs provided 
betWeen the gate and the source of the NMOS transistor that 
is a pull-doWn device of the sense ampli?er in the I and II 
periods. 

In the I period, 

Vcelll — Vbsg EQ. 3 

Vcelll + Vbsg 

f 
VcellO + ZVbsg 

2 

Vgs : + Vbsg 
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-continued 
VcellO 

: 2 + Vbsg 

In the II period, 

_ Vcelll — Vbsg _ VcellO EQ. 4 
v gs 2 2 

That is, the gate-source voltage Vgs of the NMOS tran 
sistor can be heightened from 

Vcelll — Vbsg VcellO 
Vgs : 

2 2 

to 

Vcelll — Vbsg 
Vgs : i + Vbsg 

2 

to 

VcellO 
Vgs : + Vbsg 

by changing the I period driving voltage of the NMOS sense 
ampli?er from the boosted ground voltage Vbsg to the 
ground voltage Vss. 

Furthermore, Vds, Which represents drain-source voltage 
of the NMOS transistor, is heightened in the NMOS sense 
ampli?er in proposition to Vgs. 
As illustrated above, in accordance With the present 

invention, it is possible to improve an operational speed by 
additionally securing the operational voltage, i.e., the pull 
doWn source line driving voltage, of the sense ampli?er and 
noise caused at a voltage source can be reduced by using an 
external voltage Vss instead of using an internal voltage 
such as Vbsg as a driving voltage of the NMOS sense 
ampli?er in the early sensing operation consuming most of 
current. As a result, the present invention can obtain an 
improved sensing speed and enhanced stability. 

Although the preferred embodiments of the invention 
have been disclosed for illustrative purposes, those skilled in 
the art Will appreciate that various modi?cations, additions 
and substitutions are possible, Without departing from the 
scope and spirit of the invention as disclosed in the accom 
panying claims. 
What is claimed is: 
1. A semiconductor memory device comprising: 
a sense ampli?er for amplifying memory cell data; 
a sense ampli?er driving means for driving a pull-up 

source line and a pull-doWn source line of the sense 
ampli?er and sequentially driving the pull-doWn source 
line into a ground voltage and a boosted ground voltage 
in response to a ?rst control signal and a second control 
signal; 

a sense ampli?er driving control means for generating the 
?rst control signal and the second control signal and 
setting a ground voltage driving time of the pull-doWn 
source line by adjusting timing of the ?rst control 
signal; and 

a boosted ground voltage generating means for producing 
the boosted ground voltage. 

2. The semiconductor memory device as recited in claim 
1, Wherein a point of time When a driving voltage of the 

10 

15 

25 

35 

45 

55 

6 
sense ampli?er is converted from the ground voltage to the 
boosted ground voltage is a moment When a voltage of one 
bit line connected to the sense ampli?er becomes loWer than 
the boosted ground voltage. 

3. The semiconductor memory device as recited in claim 
1, Wherein the sense ampli?er driving control means gen 
erates a ground voltage driving signal, a boosted ground 
voltage driving signal and a PMOS sense ampli?er driving 
signal When a sense ampli?er enable signal is inputted 
thereto and passes through a buffering sector having a 
plurality of logic elements, said buffering sector including a 
delay part so as to set a ground voltage driving period. 

4. The semiconductor memory device as recited in claim 
3, Wherein a time of a bit line being driven to the boosted 
ground voltage is determined according to a delay time of 
the delay part. 

5. The semiconductor memory device as recited in claim 
3, Wherein the delay part includes a metal option therein. 

6. A semiconductor memory device comprising: 
a sense ampli?er for amplifying memory cell data; 
a sense ampli?er driving means having a ?rst sense 

ampli?er driving line connected to a cell voltage pro 
viding sector, and a second sense ampli?er driving line 
attached to a ground voltage providing sector and a 
boosted ground voltage providing sector in parallel; 

a sense ampli?er driving control means for controlling the 
cell voltage providing sector, the ground voltage pro 
viding sector and the boosted ground voltage providing 
sector; and 

a boosted ground voltage generating means for producing 
a boosted ground voltage to thereby provide the 
boosted ground voltage to the sense ampli?er driving 
means. 

7. The semiconductor memory device according to claim 
6, Wherein the ground voltage and the boosted ground 
voltage are sequentially supplied to the sense ampli?er. 

8. The semiconductor memory device according to claim 
7, Wherein a point of time When a driving voltage of the 
sense ampli?er is converted from a ground voltage to the 
boosted ground voltage is a moment When a voltage of one 
bit line connected to the sense ampli?er becomes loWer than 
the boosted ground voltage. 

9. The semiconductor memory device according to claim 
6, Wherein the sense ampli?er driving control means gen 
erates a ground voltage driving signal, a boosted ground 
voltage driving signal and a PMOS sense ampli?er driving 
signal When a sense ampli?er enable signal is inputted 
thereto and passes through a buffering sector having a 
multiplicity of logic elements, said buffering sector includ 
ing a delay part so as to set a ground voltage driving period. 

10. The semiconductor memory device according to claim 
9, Wherein a time of a bit line being driven to the boosted 
ground voltage is determined according to a delay time of 
the delay part. 

11. The semiconductor memory device according to claim 
9, Wherein the delay part includes a metal option therein. 

12. A method for driving a sense ampli?er including a 
pull-up source line and a pull-doWn source line, Which 
comprises steps of: 

(a) initially driving the pull-doWn source line to a ground 
voltage; and 

(b) driving the pull-doWn source line to a boosted ground 
voltage after performing the step (a), Wherein the 
pull-doWn source line is driven by a cell voltage. 

* * * * * 


